The reproducibility of ambulatory blood pressure monitoring (ABPM) was investigated in 45 untreated hypertensive patients in an out-patient clinic. Subjects with symptoms or diseases which could probably give rise to an increase in blood pressure (BP) variability were excluded. Patients underwent office BP (OBP) measurements and ABPM measurements with the Oxford Medilog device twice. The data were edited following previous set standards. Reproducibility of ABPM was good for the group: 24 h ABPM difference 0/2 mm Hg, standard deviation of the difference (SDD) 12/6 mm Hg for systolic BP and diastolic BP respectively. For OBP the difference between the two visits was 5/2 mm Hg with a SDD of 15/8 mm Hg. Intra-individual reproducibility was
Introduction
Ambulatory blood pressure monitoring (ABPM) is a tool with a potential prominent position both in the diagnostic work-up of hypertension and in the evaluation of antihypertensive treatment. 1, 2 In daily practice, the diagnosis of hypertension may be difficult, especially in the borderline to mild hypertensive range where variations of 5 mm Hg may have clinical implications. The advantages of ABPM are the availability of multiple blood pressure (BP) readings and measurements performed in a more natural environment. Before the clinical value of a new tool can be determined the accuracy of the devices and the reproducibility of the measurements have to be examined, in particular in daily clinical practice.
The accuracy of several devices has been tested according to the British Hypertension Society protocol 3 and the AAMI. 4 However, the accuracy under real ambulatory conditions has been tested for some but not all devices. 5 A deficient accuracy of a device under ambulatory conditions may have implications for the reproducibility of ambulatory BP measurements. In particular, the accuracy of the measurements taken while the subject is physically active is affected by position of the arm and contraction of the upper arm. 6 Correspondence: Dr MS van der Steen, Department of General Internal Medicine, University Hospital St. Radboud, Postbox 9101, 6500 HB Nijmegen, The Netherlands Received 29 July 1998; revised and accepted 28 January 1999 poor; almost half of the patients had a systolic difference of more than 10 mm Hg between both ABPM recordings. Reproduciblity of the day-night difference with a BP fall of at least 10% (dipper status) was moderate. About 60% of the subjects were dippers at one of the ABPM recordings but only 42% had a reproducible dip. Possible factors playing a role in the disappointing reproducibility of the ABPM recordings are the difference in daily activities between both recording days, decreased accuracy at higher BP, quality of sleep and the probable lower accuracy of the device during real ambulant conditions. In daily practice ABPM has no better reproducibility than OBP measurements, despite the larger number of measurements.
The reproducibility of the 24-h mean BP in hypertensive subjects as a group has been shown to be high. 7, 8 The within-subject reproducibility of ABPM is moderate although still better than that of the office blood pressure (OBP) readings. 7, 8 The reproducibility of the diurnal BP profile for the group as a whole is moderate, whereas the within-subject reproducibility is low, 6, 9 partly depending on the definition of day-and night-time. 10 The aim of the present study was to examine the reproducibility of 24-h ABPM measurements and the diurnal BP profile in untreated hypertensive subjects in an out-patient clinic.
Patients and methods
One hundred and fifty-nine (159) patients, consecutively referred to the out-patient clinic for analysis of hypertension, underwent 24-h ABPM twice. Patients on drug treatment were withdrawn from antihypertensive medication for 2 weeks. For the current study, patients with signs of manifest cardiovascular disease, autonomic dysfunction, renal disease, or diabetes mellitus were excluded. Secondary hypertension was excluded according to standard clinical criteria. After exclusion of ABPM recordings for technical reasons (see methods) this resulted in a final study population of 45 patients (Table 1) .
Clinical data
In all subjects blood samples were drawn for measurement of creatinine, lipids, and glucose. An ECG 11 and echocardiography 12 were performed to assess left ventricular hypertrophy.
Blood pressure measurements
The OBP and heart rate (HR) measurements were obtained in the supine position at the right arm after a rest period of 10 min. At least two supine readings per visit were averaged. The 24-h ABPM recording was carried out with the Oxford Medilog device, 13 a machine employing the auscultatory method with ECG gating. This device was validated according to the AAMI 4 protocol but not the BHS-protocol. 3 The interval between both the two ABPM recordings and the two OBP measurements was 2-3 weeks. The ABPM device was always installed between 8 and 10 am and the cuff was attached to the non-dominant arm. Readings were obtained every 15 min between 7 am to 12 pm and every 30 min between 12 pm to 7 am. The subjects were instructed to follow their usual daily life pattern and work as much as possible but not to move their arm during a recording.
Data analysis
The ABPM readings were edited according to prospectively defined criteria. Systolic blood pressure (SBP) values lower than 50 mm Hg, diastolic blood pressure (DBP) lower than 30 mm Hg and pulse pressure values less than 20 mm Hg were excluded from analysis. During daytime 80% of the readings and at night-time 10 out of 14 readings had to be adequate for inclusion of a patient recording.
The average 24-h, day and night BP and heart rate and the hourly means of these variables were calculated. On each clinical visit, the average OBP and heart rate were calculated. The reproducibility of the OBP measurements, of the mean 24-h, and of the mean day-and night-time ABPM were determined by calculating the mean difference and the standard deviation of the mean difference (SDD) between the values obtained on the 2 days of measurement. In addition, linear correlations between the measurements on the first and the second day were calculated. The individual differences between the two ABPM recordings are graphically shown in BlandAltman plots.
14 The number of subjects with a BP difference of more than 10 mm Hg between the two OBP measurements or the two ABPM were determined.
The average OBP of the two clinical visits was compared to the day BP of the first ABPM (because in general only one ABPM is performed in daily practice) and to the average of both the day-ABPM values.
The difference between the day and night BP values was calculated. Patients with a nocturnal fall in both systolic and diastolic blood pressures of at least 10% were defined as 'dippers'. 15 Because the definition of the day-and night-time period affects the number of dippers, 10 we analysed our data using the following two day-and night-time definitions: from 7.00 am to 12.00 pm and 12.00 pm. to 7.00 am (long period); from 11.00 am to 6.00 pm and 1.00 am to 6.00 am (short period). In addition, we analysed the data using two different definitions that have been reported in the literature.
16,17

Results
The average BP and HR values of both the ABPM (Figure 1 ) and the OBP measurements on the two recording days were not significantly different, except for systolic OBP (P Ͻ 0.05) ( Table 2 ). The standard deviation of the difference (SDD) between the two recording days amounted to 12 mm Hg for daytime SBP and 6 mm Hg for daytime DBP whereas this was 16 and 8 mm Hg respectively for night-time.
For daytime, the individual BP differences between the two ABPM recordings were greater than 10 mm Hg in 20 and six subjects for SBP and DBP respectively (Figure 2 ). For night-time, this difference could be demonstrated in 22 and eight subjects respectively. For the OBP measurements this was the case in 22 and nine subjects for SBP and DBP respectively. The patients in which this difference of more than 10 mm Hg occurred during ABPM were not consistently the same as the ones in which this occurred during OBP measurement.
As expected, the OBP values were higher than the average daytime ABPM values ( Table 2 ). The difference between the average OBP value and the first daytime ABPM value was 19/8 (20/9) mm Hg. The individual differences are shown in Figure 3 . The individual differences between the average OBP value and the daytime ABPM value increased with higher average OBP values (Figure 3) . Whether the first one or the average of the two ABPM recordings was used in the comparison with the OBP measurements did not reduce the difference between the two measurements. The mean day-night difference during the two ABPM recordings using the definition of a long period is given in Table 2 . Using a definition of a shorter day-and night-time period, or using the definitions as reported in the literature, 16, 17 did not affect the mean difference between the day and night blood pressures significantly (Table 3 ). The number of dippers was 28 (62%) during the first and 27 (58%) during the second ABPM recording (Table  3 ). In 19 (42%) subjects the dip was reproducible but this number increased using shorter day and night-time definitions (Table 3 ). There were four (9%) reproducible non-dippers.
Discussion
The main finding of the present study is the poor intra-individual reproducibility of the 24-h ABPM recording despite the availability of a large number of BP readings. In particular, the reproducibility of the nocturnal BP is low as indicated by the large standard deviation of the difference. Almost half of the study population showed a difference between both ABPM recordings of more than 10 mm Hg for SBP and this applies both for day-and night-time. These disappointing individual results contrast the good reproducibility for the whole group. There was no lowering tendency of ABPM for the group, even when subjects who never used antihypertensive medication (n = 32) were compared to those who stopped medication for at least 2 weeks (n = 15; Student's t-test). It should be noted that the current finding applies to a highly selected group of hypertensive patients who were not on treatment and in which important factors potentially responsible for enhanced BP variability were lacking. In particular, these patients had no history of manifest cardiovascular morbidity or relevant target organ damage. There are several factors that are potentially responsible for the poor intra-individual reproducibility. Firstly, the most important factor is probable major differences in daily physical activities between the two measurement days. Although physical activity should be standardised from the scientific point of view, 18 for routine clinical diagnostic classification with ABPM, standardisation is not feasible.
Second, in the present study we examined hypertensive patients and from validation studies it is known that accuracy and reproducibility diminish at higher BP levels. 7, 19 However the BP level in our study population does not differ substantially from previous studies that addressed this issue. 7, 8, 20 Third, age has been incriminated as a factor that may influence the accuracy of ABPM. 21 A decreased accuracy would affect reproducibility negatively. However, others [22] [23] [24] have shown that the reproducibility of ABPM is not affected by age.
Fourth, the quality of sleep may be an important factor that determines the night-time BP. Variations in sleep quality can be induced by the Oxford Medilog since it is bulky and it produces more noise than the devices applied in other reproducibility studies. 25 Especially at higher BP ranges when cuffinflation may reach uncomfortable pressure, sleep can be disturbed. 26 The result that nearly half of the hypertensive patients have a difference in daytime SBP of more than 10 mm Hg between the two ABPM recordings seems worrisome. In the diagnostic setting in the borderline or mild hypertensive range this would mean that a considerable number of patients might have been falsely diagnosed as having either a normal or an increased BP if only a single ABPM recording had been used. 27 Although this also applies to the OBP measurements, these results clearly show that only one ABPM recording is not superior to repeated OBP measurements. This is in agreement with previous studies. 28, 29 As expected, the difference between the OBP and the ABPM levels was large but in agreement with other reports. 30, 31 Since repeated OBP measurements tend to decrease the OBP level, 28 more than two visits for OBP measurement would have reduced the difference between the OBP and ABPM levels further. 32 Although nearly 60% of the patients showed a nocturnal BP dip of 10% or more at either of the two ABPM recordings, the nocturnal dip was only reproducible in 42% of the patients whereas in nearly 10% the dipping phenomenon was consistently absent. As expected, application of definitions of shorter day-and night-time periods increased the number of reproducible dippers slightly but it remained below 50%. This confirms results of previous studies. 6, 9 The significance of the presence or absence of the nocturnal fall in BP during one ABPM recording is therefore questionable.
The main limitation of the present study is the use of the Oxford Medilog device. It has not been validated under real ambulatory conditions. It is possible that the accuracy of a device under ambulatory conditions is diminished, as is the case during physical exercise. 33 However, the accuracy under real ambulatory conditions has been tested for some devices (with variable performance at dynamic exercise), but not all available devices. 5 In conclusion, ABPM recording does not have a better intra-individual BP reproducibility than OBP measurements. The availability of a larger number of BP readings of one ABPM recording appears not to result in improvement of assessment of an individual BP level in a reproducible way.
